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Jt _- RESULTS OF TESTS OF 0.010- AND O.015-SCALE MODELS

;=

: OF SPACE SIlUTTLE ORB[TE_ CONFIGURATIONS 3 and BA IN THE

AMES RESEARCH CE_PFER 3.5-FOOT HYPERSONIC WIND TUNNEL (0A23)

>

T. J. Dziubala and M. D. M_lam, Rockwell International

i=_ J.W. Cleary and J. A. Mellenthin_ NASA/Ames
>

: ABSTRACT

2?

_ Tests were conducted on a 0.Ol0-scale model of the Configuration 3

% and a O.Ol5-scale model of the Configuration 3A Space Shuttle Vehicle

;L orbiter in the Ames Research Center 3.5-Foot Hypersonic Wind Tunnel.

_: Longitudinal and lateral-directional stability and control character-

istics were eva]uated at Math numbers of 5.3, 7.3 and 10.3 at angles of

attack up to 50 degrees with 8 = 0 degrees and, for a few cases, 8 = 5

degrees. Six-component force data, fuselage base pressures and shadow-

_ graph patterns were recorded.
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_. NOMF/NC,[ATURE I.

i PLOT ;:
Z!%_OL SYMBOL DEFINITION

$

_, cpc,od oi" zounds re�see, ft/see

[[2 M MAC}{ M,ch rmmb,.r; V/:,

p pre.;sur,.; N/m , psf

.i Q(NSM) d_ pro_ur_; ; /: pV:', _/m_, psf i
"- Q( PS"F) i "

_'_ RN/L RN/L unit Reynolds number; prr m, per ft ,,
i V velocity; m/see, ft/sec .-

, _ ALPHA angle of" :Jttack, degrees

_ _ BETA angle of sideslip, degrees

i _ PSI an_.le of .y'_w,d_rees ':

. _ PIII angle oi'roll, de_rees

p mass density: kg/m _', _ __;' :lugz/_t-

Reference & C.G. Definitions

Ab base _Jre,,;m_', ft;'

b BREF wing spsn or reference span; m, ft

e.g. center of 6T_vit_

_:_b_._ I_1_' rf'feren-,:,length or wing mesh
tX '_,.rodyr,qmi("chord: m, ft

S SREF wing ',re:,or reference Bres; m_, ftI

b_P moment reference point "

XCG XMRP moment reference point on X axis ).

YMRP moment referenco point on Y 8xis

. ZCG :a_RP moment reference, point on Z _xis

SUBSCRIPTS '_

,, b b:_se
: I iccol

s static' conditions

_"- t totsl conditions

_I _ free ntro']m

R/_RODUCIBILITY OF Tlll_
r

' 7 ORIGINAL PAGN ASPOCR ,

, ,.
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NOt,:D_;,:bVI_j_,E(Continued )

_s S_sttm

PLOT

gYMBOL SYMBOL DEFINITION

_'-. _ Lorm:_l-[h)r_'r.voefficient; normsl force
"' qS

o _ " 8xi_l force,'. {"A ',×i'.1-?ore.. '.e_fIclent;
qS

Jy CY 'id..-J'or_._.,-o,.[_fi:.ient;:ide force

i c:.2 b'_::,-forve b_:seforceCAb .'or.ff[,:lent: qS
0 -;0(Pb- r,_)/qs

i C;d, i'orvboay ',/.i-'Jlforce coefficient, CA, ('Aj, - CAb

t':,: C[/4 pitching-moment coefficient; pitchln_ moment

qS_R_%

!- , _swin momentt_ C_ql E'.wtn_-moment coefficient'
, qSb

i C_ CBL rolling-mom,.nt coefficient; rollin_ moment
{ qSb
s_

_" St:,bility-Axis S./::tern

I_ CL CL lift coefflclcnt; llf_.___t

CD CD dr'ig _'or'1't'i':iPnt;drsg
qS

CDb CDB b:,se-dr_M coefficient; bsse d2s_qS

CDf CDF fore'body dr_[_ coefficient: CD - CDb

Cy CY .:ide-force eo,.:fficient; "'idefor_e
qS

C_n CI_4 pitchlng-moment _'o_fficlent; _itchln_ moment

qS_R_

C_ cL_ .y:,w[Hg-momr'r,t<'o-,fflci,.nt;Mewing moment
qSb

<'_ CSL roilin_-mom,_nt coefficient; rollin_ moment
qSb

]-

I L/D L/D lift-to-dr.,_,r:,tlo; CI/C D

8 I<,i':l>gOl)'''" ' _ U,
ORIGINALPAGE IS P_;,,:,_
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(c ti d)_ _ NOMENCLATURE on nue

_ ADDITIONS q'O STANDARD LIST

" PLOT

SYMBOL SYMBOL DEFINITION

, Cmfwd CLMFWD pitching m,_ment coefficient about forward center
of gravity locabion.

i

Cmaft CLMAFT pitching moment coefficienh about aft center of

gravity location.

ft.2
_ ABM OMS pod base area,

i' ASC sting cavity area, ft.2

_ CAu CA unadjusted balance output axial-force coefficient.

_ CPbi base pressure coefficient at station i.

_ £B reference body length, inches.

XCP/gB XCP/L longitudinal center of pressure location, fraction
of bo_y length

ACN DCN incremental normal force coefficient, algebraic
difference of two runs.

i ACA DCA incremental &xial force coefeicient, algeb_'aic
f difference of two runs.

ACAB DCAB incremental base axial force coefficient, algebraic
,, difference of two runs

'; ACAF DCAF incremental forebody axial force coefficient,

iv algebraic difference of two runs.

_, ACL DCL incremental lift coefficient, algebraic difference
_: of two runs.

... ACD DCD incremental drag coefficient, algebraic difference
"i of two runs.
f_

_ ACDF DCDF incremental forebody drag coefficient; algebraic
difference of two runs.

" ; 9

_ t

1974027162-013



!
• | -_

J I
I

NO._CIATURE (CoDtinued ) L .

ADDITI .:,_S TO STA"DARD LIST

: PLOT

SI%_OL SYMBOL DEFINITION

ACmFwI) DCMFWD incrr,menfialpitching moment coefficient aboutforward C.G., algebraic difference of two runs.

A_ DCMAFT incremental pitching moment coefficient about
-mA_" aft C.G., algebraic difference of two runs.

Cy8 DCY/DB side Force coefficient derivative with respect to
beta. Algebraic difference of the side force coef-

: ficient of two runs divided by the algebraic dif-

ference of _ _e side slip angle of the runs; per
degre_.

Cr!: DCYNDB yawing moment coel_icient derivative with respect
" to beta. Algebraic difference of the yawing moment

coefficient of two runs divided by the algebrnic

difference of the side slip an$1e of the runs;

body axis system; per degree.

; C£B DCBLDB rolling moment coefficient derivative with respect
to beta. Algebraic ;Ifference of rolling moment
coefficient of two runs divided by algebraic dif-

ference of side slip angle of the runs; body axis
&

system; per degree.
:

Cy6a DCY/DA side force coefficient derivative with respect tototal aileron deflection. Algebraic difference of

the side force coefficients of two runs divided by
the algebraic difference of the total aileron ;

deflection angle of the r_,s; per degree.

Cn6a DCYNDA yawing moment coefficient derivative with respectto total aileron deflection. Algebraic difference

of the yawing moment coefficient of two runs divided
by the algebraic difference of the total aileron

deflection angle of the runs; body axis system; per

degree.

C£6a DCBLDA rolling moment coefficient derivative with respectto total aileron deflection. Algebraic difference

: of the rolling moment coefficient of two runs di-
vided by the algebraic difference of the total aile-

ron deflection angle of the runs; body axis system;

per degree. _ "

I0 "
J

!

1974027162-014



!

$" i

_ NOMENCI,ATURE (Continued)

,F td)DITIONS TO SCANDARD LIST
%4

• PLOT

•: SYMBOL SYMBOL DEFINITION
\

_ Cy6r DCY/DR side force coefficient derivative with respect to_: rudder deflection. Algebraic difference of the side

r: force coefficient of two runs divided by the alge-
braic difference of the rudder deflection angle of

the runs; body axis system; per degree. :

_" C DCYNDR yawing moment coefficient derivatfve with respect

n6r to rudder deflection. Algebraic difference of the

_: yawing moment coefficient of two runs divided by
• the algebraic difference of the rudder deflection

angle runs; body system; per degree•
of the axis

_ C£6r DCBLDR rolling moment coefficient derivative with respect, to rudder deflection. Algebraic difference of the

rolling moment coefficient of two runs divided by
_ the algebraic difference of the rudder deflection

, angle of the runs; body axis system; per degree.

6BF BDFLAP body flap deflection angle, positive deflection
_= trailing edge down; degrees.

_ 6r RUDDER rudder deflectlon angle positive deflection
i

trailing edge left; degrees.

6SB SPDBRK split rudder deflection angle, left split rudder
trailing edge left and right rudder trailing edge

= + )/2 positive deflection;
right, 6SB (_rL _rR ,
degrees.

_ 6eL_ left elevon surface deflection angle, positive
deflection trailing edge down; degrees

6eR right elevon surface deflection angle, positive 1_
deflection trailing edge down, degrees. 1

[

6e ELEVON surface deflection angle, positive deflection [

trailing edge down, degrees (6eL + 6eR)/2. I'

Ii .
g
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] NOMENCI&_JRE (Concluded) _ "

(
_! ADDITIONS TO STANDARD LIST

PLOT

SYMBOL SYMBOL DEFINITION
{
"I

6a AILRON aileron deflection angle, positive deflection

_! trailing edge down; degrees (6eL - 6eR)/2.i

• A DA incremental aileron deflection angle, algebraic

: difference of two runs; degrees. -

A6e DE incremental elevon deflection angle, algebraic
difference of two runs; degrees.

A6BF DBF incremental body flap deflection angle, algebraic
difference of two runs; degrees.

i

L

12 i _ i

/

, !
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{ [ INTPODUCTION

: ! This document presents the results of tests ccr_ucted on 0.0"_.C-

i and O.OlS-scale models of the Space Shuttle Vehicle (SSV) orbiter re-

presenting Configurations 3 and 3A, respectively. Elevon and body flap

effectiveness were determined for both models; aileron, speed brake and
%-
%

i _ rudder effectiveness as well as the eoI1t.ributions due to model components

; I were also evaluated for the smaller model.
D

[

The tests were performed in the Ames Pesearch Center (ARC) 3.5--:c:%

[ Hypersonic Wind Tunnel (HWT) at M = 5.3, 7.3 and 10.3 as Ames test ntur.ber

I 3.5-168. The smaller model (Model 32-0) was tested at angles of attack up

c

! to 50 degrees whereas the larger model (Model k9-O) was limited to h0 degrees

due to tunnel blockage considerations. Most data were acquired at 8 = 0

: _ degrees, with a few runs being made at B = 5 degrees.

Six-component force balance data, fuselage base pressure and shadow-

_ graph data were recorded for both models. Temperatures were measured on

the small model in the fuselage nose and on the tmderside of the balance

block in the vicinity of the wing-attachment bolts.

Twenty-five runs were made on the large model and thirty-seven runs

on the small model during the period July 19 to 31, 1973.

( _ 13
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I ,_,

!:ONFIGURATION:]INVESTIGATED i

The test artiele:; were 0.010- and O.OlS-scale force mo_els zf -'he

Space $huttle Vehicl_ (SSV) orbiter Configurations 3 and _^,rcapectively.

The models were built by Rockwell International and identified as 32-0• (0.t]10-::ca]e)and h9-0 (O.Ol5-seale). The O.OlS-scale model was ccn

r

_, ._=truetedof Armco 17-h stainlesz steel with the following removable com-

i p_,:ents: win_-,,vertical tail, canopy orbital maneuvering subsystem- 0
>

reaction c_ntro] subsyzl,?m (OM[;-RCS)pods, and body flsp. The fuselage

of the O.OlO-sc,_]e model was constructed of 7075 T-6 aluminum and the

! wing wn:, constructed of _t'tinlesz steel. The O.OlO-scale model had the,

same removable components as the O.OlS-scale model. The wing was capable

: of elevon deflections of O, -+5degrees, i0 degrees, -15 degrees, -20
i

i degrees, -25 degrees, -30 degrees, -35 degrees, and -I,0degrees. The
! :
'_ body flap could be set at deflections of 0 degree, +13.75 degrees, and

-11_.25 degrees. Rudder and speedbr_e deflections are shown below:

Speedbrake Settings Available Rudder Deflections

6SB = 54.92° 6r _ O°, -I0 °, -20°

6SB = 8h.92 ° 6r = 0°, -i0 °

k
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i* The following nomenclature has been used to designate model

. components :

Component Definition
-!

i I B Basic fuselage of the SSV orbiter Configuration 3(VLTO-000139B) •
19 ,,

t " Bo_ Basic fuselage of the Rockwell International SSV orbiter.... Configuration 3A (VLTO-OOO147B)

C Basic Configuration 3A canopy built to drawing lines <
7 VLTO-OOOI39B

E23 Elevons on the basic Wlo 7 wing (VLTO-0OOI39B) _:

F Basic Configuration 3A body flap (VLTO 000139B)
5

Mh Basic Configuration 3A OMS-RCS pods (VL70-000!45) including
N8 OMS engine nozzles

N8 Basic GMS nozzle of Configuration 2A (VL70-008306and
VL70-OOOO89B)

% v7W o7

_: R Basic Configuration 3A rudder (VL70-OOOI39B) :

! V7 Basic Configurahion 3A vertical tail (VL70-OOOI39B) _

i Wlo 7 Basic Configuration 3 wing (VLT0-OOOI39B) "• W Basic configuration 3A wing (VL70-000147B)
iii

The Configuration 3 and 3A baseline is shown in Figure 2a and model

nomenclature is illustrated in Figure 2b. Two sets of dimensional data

sheets follow: the first is for the 0.OlO-scale model and the second is

for the 0.OlS-scale model.

1

[ 15
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TE,qT _ACILITY DESCRIPTION
%

The NASA-Ames __.5-FootHypersonic Win,J '[%nh-_.] is _ clo_e_-c!r_ul-.

blowdown-type tunnel c .pable of operating st ,]omi,ull..'Iachnumbers of 5, 7,

and i0 at pressure _,to 1800 psia and temper_tur( s to 3hOO°R for run timex

to £oL_ minutes. The major components of the facility include a gas stor_e

system where the test gas is stored at 3000 psl, a storage heater filled

with alu_num-oxlde pebbles capable of heating the text gas to 3400°R,

axisymmetrlc contoured nozzles with exit diameters of _2 inches for gener-

utin6 the desired Math number, and a 900,000 ft _ wJcuum storage system

which operates to prez:ure_ of O. _ pale. The test section itself is an

open-Jet type enclosed within a chamber approxinmtely 12-feet in dla_ter

and _O-feet in length, arranged transversally to the flow direction.

A model support system is provided that can pitch models through an

angle-of-attack range of -20 to +18 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerllne. This rotation point

is adjustable from 1 to 5 feet from the nozzle exit plane. The model

normally is out of the test stream (strut eenterllne _?-inches from tunnel ',

centerllne) until the tunnel test conditions '_,r_-established after which !

it is inserted. Insertion time is adjustable to ,,:;little as i/2 second

and models may be inserted at any strut ancLe.

:

A hlgh-speed, analog-to-digltal data 'icqulsition system is used to ,_

record test data on magnetic tape. The pr_-_er,t:;y:tem is equipped to me_- o

sure and record the outputs from 80 transdu,_r:: in _iddltlon to 20 channels

of tunnel parameters.

3.6 J
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TEST PROCEDURE
_w

The models were sting mounted from the smaller of the two available

model support struts in the ARC 3,5-Foot Hypersonic Wind Tunnel, The

same Task Corporation MK IID internal strain gauge balance used in tests

0AllB and 0A58 was supplied by ARC to measure the six-component loads

acting on the O.015-scale mcdel. A Task Corporation MK XIVA balance was

' supplied byARC for use with the O.Ol0-scale model. Thermally insulating

glass/silicon sleeves were used with both balances.

Rockwell sting W-II01-S, mounted 3.5 inches below tunnel centerllne,

was used for both models. This sting is provided with interchangeable

i bent adaptors Just behind the balance socket which enable high angles of
attack and sideslip angles of 0° and 5° to be achieved. Adaptors with

1 20°, 30° and hO° bend angles were used in this test.

Five one-sixteenth-inch ID stainless steel tubes were routed exter-

nally along the sting to sense pressures at the base of the models at

points shown in Figure 2c. The pressures were measured by individual

0-to5 psia cells located in the model support strut.

Runs were normally made by pitching the model from the maximum

positive angle of attack to the lowest angle in order to minimize tunnel

blockage at the higher vacuum sphere pressures near the end of a run.

Run 7 was made by pitching in the reverse direction and run 22 was made

by pitching up and then pitching down to determine if there was any aero-

dynamic hysteresis.

I

I
?

1
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DATA H,EDUCI'i 0,_ 1

:_t_u,dardA;_Cm, th()dsw_re'use(]to compute coefficient daze. er--

dynamzc cc,'fTicients are presented in body axes and stability axes sys-_e-s.

Axial-force and drag coefficients and the ratio of lift to drag are rre-

sentcd with and without adjustments of the fuselage base pressure to free

stream _at_c press[_re.

Base !u-essure coefficients were compdted by:

Pb. - Po i
1

CPb. q

wh,,re i = i th:'Ju_'.hq.

Base axial-force coefficients were computed by:

Note: Except for the following

(AB + ABM + ASC) 5 conditions:
: _i _ _ Cp RB6001, M=-5, CPBI & CPB2

C_b^ 5 S i=l -bi RB6002, M:5, CPB2

RB6OBO, M=5, CPB2

: ft2 RB6031, M:5_ CPB2
where % fuselage has3 area,

ft2= total base area of two 0MS pods,

ASC : sting cavity base _rea, ft2

S = wing reference area, ft2

Forebody axial-force coefficients were computed by:

= CA - CAbCAr u

i

where CA = unadjusted axial-force coefficient
u

i
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_r

J

J DATA Pd_DUCTION[ "Contmnued_Center-of-pressure location was computed in percent of bc_<.-"_enoch by:

,!

where XCG = center-of-gravity location aft of model nose, inches

_B = reference body length, inches } :
Lift-to-drag ratios based on CA and CAf were computed by: !

Using CA, L/D = (CL/C D) ! :

Using CAr ,L/D_ = (CL/CD) f _

. n__ference Dimensions and Constants Value _

i "Symbol Definition 0.015- Scale 0.010-Scale :i

A Net fuselage base _ .
B area normal to

balance axis :

M4 on, F5 on 0.045 ft2 0.020 ft2
ft2

F5 ,_Mh on, off 0.048 ft" 0.021 _"

M h off, F5 on 0.047 ft2 0.021 ft2

M4 off, F5 off 0.050 ft2 0.022 ft2

Base area of two 0.019 ft 2 0.008 ft 2

ABM OMS pods

ASC Sting cavity base areal 0.034 ft2 9.015 f?

b Span, wing 14.050 in 9.367 in

, XCG *Ref C.G. 12.577 in 8.385 in

ZCG Ref C.G. FRL(Z=6.0Oin) FRL (Z=h.00in)

C bal X Center, balance 16.63 in 10.670 in

*Longitudinal distance, orbiter nose to moment reference center _ :_

i'
I'
t
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DATA HEDUC210N (Concluded)

MAC, wing 7.122 in 4.7L_ !_-

_,_ Ref body length 19.35 in !2.90_ iN

o O

S Ref wing area 0.605 ft" 0.2':9 "-

L

ii!
?

1974027162-024



I
J

_ a. 0139B Model
_, TEST : OA23 (3.5-168) ] DATE : July, 1973

_], TESTCONDITIONS

_" REYNOLDSNUMBER DYNAMICPREgURE STAGNATIONTEMPERATURE

'i _' MACHNUMBER (perumtlength) (pounds/_.i_h) (delPeesFahrenheit)
', ,_ _ , ,,

_: 5.3 . 1.35.x106 2.57 _ 740

_ 7.3 2.50 x 106 3.68 " 740

10.3 l.l_ x 106 2.29 1540

i 10.3 " i.O x 106 1.27 1540 "

%

m" L....

.. , . .

?

%

L_.......

\

_ i i iii ,, ,

il BALANCEUTILIZED: Task MK XIVA l.O-ineh Dia.

_. COEFFICIENT
._ CAPACITY ACCURACY: TOLERANCE:F

-, _: NF 800rb. 112% ,

' I; SF 400 rb. ..112% _

._. AF i00 lb. 1/2% :
" PM 1600 in.-ll_. 1/2% :

• RM 2,50in.-Ib. 1/2% .,.

YM 660 in.-ib. 1/2%dm

: COMMENTS:This balance was used with the O.OiO-sce_le O139B model.

" Item 64 o_y.

.[

t

% ,,

1974027162-025



'9

TABLE I. - Concluded.

b. 0147B Model
, , ,. :

TEST : OA23 (3.5-168) l DATE : July, 1973

TEST CONDITIONS

R:,£Y_OLP._NUMBER DYNAMICPRESSURE STAGNATIONTEPPERATURE

MACHNUMBER J (perunitlength) (poundz/_.inch) (degreesFahrenheit)
,, ,W

5.3 1.35 x 106 2.57 '_T40 _

7 3 2.50 x 106 3.68 740
.. ,,=.i

10.3 1.74 x 106 2.29 1540

- , ,,,

,, :, . .,. ,, .

Task MK lID 1.5-in. Dia.BALANCEUTILIZED:

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

! NF i000 lb. 1/2_ . i
• SF 500 lb. 1/2%

AF 300 lb. 1/2%

PM 3000 in.-Ib. 1/2%

, RM 800 in.-Zb. 1/2% "

YM 1250 _n.-ib. 1/2% i ,,
?

L

COMMENTS:This balance was used with the 0.015-sca/.e OlhTD model. !

22

i
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•A_L. _ I. -,"r)DELCOV/'ONEI|TDESCRIPTIO-Z

Dimensional D:-,a f'_rthe 0. 010-Scale Model

Model Co,,nponcnt: Body (BIg) I
|

Gcne,'xl ])oscri'_t_on: Configuration 3A !_gh;,_'eightorbiter _usclage
b" .,

Model scale --0.010 __ Model Drawing No. SS-A00062 _

Drawin_ Numbc r: VL70-000139B

Dimensions : Full-Scale Modcl Scale

Lcngth --in. 1290.3 IZ. 903

Me_x width - i:'..(at X o = Z67.6 Z. 676 :
152.8.3 in. )

Max depth - iu. (at X o = 244.5 Z.445 '
1480._Z in.)

Fi_ o,; os s rat J o 4.846 _____ _846 :

Area - ft z

;-,, (at 386.67 O. 03867Max cross-_ ect,,u,.a]
X o --1480.5Z i.T_.)

Planforrn

W e£ted

Ba s e

o

*Fineness ratio is dm fuselage length divided by flae equivalent diameter
for the maximum cros s- sectional area.

!

26

[
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TA2L_ III. - C6ntinued.

Model Colnponent: Dody (B _)

" Oeneral Description: Fuseiag,:, configuration 3A lightweight orbiter

Note: Identical to B17 c.xce._ forebody

Model scale = 0. 015

Drawing Number: VLT0-00013 9B

Dimcnsiens: Full-Seal e Model Scale

Length - in. 1290:3 19. 35450

Mat __dth - in. 267. _ 4.0140 i

. Ma): depth - L'_. 244.5 3. 66750

Fineness ratio 4. 846oi 4.8_&OI

Area -, ft2

Ma:_ crosr-scctioual 386.67 0. 08700

Plan/orm

Wetted

('_ Bas e

: 27 :
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TABLE III. - Continued.

Model Component: Canopy (C7)

Genera] Dc.scri_don: Configuration_k lightweight orbiter canopy

Model scale = 0.010 Model Drawing No. SS-A0006Z

.o

Dra_ving Number: VL70-0O0_.39B

Dimensions : Full-Scale Model Scale

Length - in. (Xo=433 in. to Z37 Z. 370 '
Xo = 670 in.)

Max width - in.

Max depth ~ in.

Fineness ratio

Area - _ft2

,'via>:cros s-scc,iona l

Plarfform

Wcttcd

Base

28

!
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TABLE III. - Continued.

- MODEL COMPONENT: _ano_?"- C,7 '
_j_. i i , , i . .

" r
i t,.

GENERALDESCRIPTION; Confi.gu_tion 3 l_r Rocm_ll Lines gL70--000139 ?| wl iT l ,

j ml L . J I I I I | |l._ • ;

?

,, • • I I I|1 • I _ --- _

Model Scale = .015
ii i _ li| i • ; -i_

DRAWlNG NUMBER VLTO-O001S9 i
t

DIMENSION: FULL SCALE MODEL SCALE Iel I

Length(Xo= &33 _o Xo = 670) - in. F5 237 3.5550. , i ,

M_ Width i .
i , i

Mox _pm (zo = toZo --5OZ)- inFs..... ,
• \

FinenessRatio . , .- .... :

Area

Cross-Sectlonal

Plenform '
m L I • _,

Wetted
,i __ i i

• _se .....

2

i
f :!

:" ]
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TABLE Ill. - Continued.

Model Component: Elevon (E33) 1

General Description: Confi_._j1ration3Alightweight orbiter elevons
Data for 1 of 7.sides

Model scale = 0.010 Model Drawing _.qo.SS-A00109

Drawing Number: VL70-000139B

l)imensions: Full-Scale Model Scale

Area - ft2 Z05.52 0.02055

Span (equivalent)~ in. 353.34 3.5334

Inbd equivalent chord ~ in. 114.78 I. 1478

Chltbd equivalent chord- in. 55.00 0. 550

Ratio movab!e surface chord/
total surface chord

At iubd equiv chord 0.Z08 0. Z08

At outbd equiv chord 0.400 0. 400 :

Sweepback angles ~ deg

Leading edge 0.00 0.00 "

Trailing edge -10.24 -I0.24

H/nge linc 0.00 0.00

Area momect (normal to hinge line)- ft 3 1548.07 0. 00155

3O

J
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I TABLE III.- Continued

I _ Model Component: Elevon (E23)
_ General Description: Elevons for wing Wl07

(Data for I of 2 sides)

Model scale = 0.015

Drawing Number: VL70-000139B

.. Dimensions: Full-Scale ModeJ Sc_.le

Area - ft 2 205.52 0.04624

Span (equivalent)-in. 353.34 5.30010

/nbd equivalent chord - in. I14.78 I.72170

Outbd equivalent chord - in. 55.00 0.8250

Ratio movable surface chord/
total surface chord

At inbd equiv chord 0. Z0g 0. Z0g

At outbd equiv chord 0. _00 0,400

Sweepback angles ~ degLeading edge O. O0 O. 00

Trailing edge -10. Z._ -10.24

Hinge line O. O0 O. O0

Area moment (normal to hinge line)-ft3 1548.07 0.00522
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TABLE III. - Continued.

Model Con_pom _t: Body flap (F5)

General Description: Configuration 3Alightweight orbiter body flap

Model scale = 0. 010 Model Drawing No. SS-A0006Z

Draw-ing Number: VL70-00013tgB

Dimens ions : Full-Scale Modcl Scale
i

Length - iu. 84.70 0. 8470

Max width - in. 267.6 Z. 6760

,%{a.kdepth - in.

Fine:less ratio

Area - ft2

Max c ro._ s -s ectioua]

Plavform 142. 5195 0. 01425195 "

W etted

Base 38.0958 0. 00380958
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, !T_ MODEL COMPONENT: P5 _d7 Pimp
l I J _ IJ i I .

GENERALDESCRIPTION: 3 Cont_'_tio." per _ockweZl T_nes VL?O-000Z39
H el i

I • I • -- • II II i i
"e

I i I • ii __ ,=

Sen].e )fi:del *, . 015
i , i, i . i. i i |

DRAWING NUMBER V_'/0-0001__39
i i i i

OIMENSlON: FULL SCALE MODEL SCALE
Jl m

Leq#,- I. _.7o z.,.27os
+ Mac*_dth- _ 26?.6 4.o14o

I lU

|| m

rlnenms Ratio

Am - _2

Max Cross-Sectional

Flonform ' 1_.._i .... 9 .o32o7
Wetted

w i i

ira, 38.o958 o. ooss?
| |

[

.L

I

I

L

; , 33 . i
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TABLE III.- Continued.

klodul Compo_,_:nt: OMS pod (M 4) [,
d.....:'alDescription: Configuration 3A lightweight orbiter orbital

........ inane u_vcrh3g,su_bs_syg/.em_2o__d

Model scale = O. 010 Model Drawing No. SS-A00062

Drawing .":umber: VLT0_-O00139B

Dimensions : Full-Scale Model Scale

Length - in. 346.0 3. 460 1

h_a.xwidtA _ in, 108.0 I,080

Max depth ~ in, 113.0 I. 130

Fineness ra_io

Area - ftz

!

Max cross-sectional

Planform

Wetted

Base

B

1

t

I i
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TABLJ_III.- Continued.

Model Component: OMS pod (M4)

General Description: Basic configuration 3A OMS pods _ ;

Note: )_4 identical to M 3 of configuration 2A except intersection to body !

.ca-.e = 0.015 i

13ra_in_ Number: VLT0-000139B _ •
-"

Dimensions: Fu11-Scale Model Scale , l

Length - in. 346.0 5. 1900 '
i •

Max _ddth - in. 108.0 1. 620

Max depth ~ in, 113.0 I.695

Fhzeness ratio

A_-ca ~ ft2 ;

Max cross-secliona] ":' :

IJ]_.uf,)r m -"

I 'Ba a e ,,_

) , _ J

i

'; "_ 35

?

L ............ ,........ ° . .... _
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TABLE III. - Continued. ..

• 'GDELCO:._O_NT: N_ZL_ - N8

G:'}_PJ.LDESCRIPTION: P&sic 0_'5Nozzle of Con/i_-uration2A per Rockwell Lines

VL70-008306Lnd VL'/O-O00089"B".In_erJecglono£ noz:le exit plane and

nozzle centerlineat Xo = 1570..45,Yo " _+99,25,go = 507.25

IDDEL SCALE = O.O10 - -

DE_WIh_ NO. VL70-008306,VL70-OO0089"B",$$-A00092

DIJ_I_IO',_ _-- FUlL SCALE MODEL SCALE i

• -t_ch I_. .. - ..... " .........

L_n_ _ 4_,._.e . . . .

Gimbal Point tO Fxit Plane _ _ ....
,._

• Throat to Exit Pl_ne .__ _ =.._ _ _ :

Di_m_tor _ in. . .

T_o_t _N/A . ./A....

Area ,-,ft2./Nozzle

.Exit 13.635 O,00136
...... l

Throat

gimbalPoint (statlon)--In.

l _I_ 1_._8o

T ' _+e8.o

z , A92.o
Null Position ~de_.

Pitch " 15e_9: 1seA9' ;

_,.w(Outb,a) ±1"_.z7, +1.2oz7,
36 := ....i
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TABLE III. - Continued.

MJDEL CO.'4PONENT: NOZZLES - N_

GEN_ DESCRIPTION: Basic OMS Nozzle of Configuration 2A per Rockwell Lines

I VL70-008,_,06and VLTO-0OOO8_"B". Intersection of nozzle exit plane and

nozzle centeriine at,Xo --1570.75, Yo = +_99.25,Zo = 507.25

i DRAWIWGNO. VLT0-008306aV,.TC-O0008_"B",SS-A00092

,_ DIMENSIONS FULL SCALE MODEL SCALE

.MathNo.

Length- in.

Gimbai Point to Exit Plane

Throat to Exit Plane

/

Diameter . in.

Exit 50.00 0.750

Throat N/A _/A

Inlet 28.O0 .420

Area _ ft ./Nozzle

Exit 13,635 0.0020_ :

Throat

Giml_l Point (station) - in.

I X 1518.0 22.77

i y +88,o 1.32 ,
Z 492.0 - 7.38

i,
• Null Position - deg.

_ I Pitch i_%9' 1_%9'

!_ Yaw (Outb,d ) +12°A7 ' +_17°17,
37
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: ';'A_IZIIi. - Continued.

' MOdel (,'.(:rnpo,,er,t: Kudder (R5)

"- Genera _ Description: Configuratit,n 3A lightweight orbiter rudder

2.'_.:!ei scal_ = 0.010 Model Drawin_g No. SS-A00062

D.,.,:::-: :':umber: . VJ_-5[0-O00139B
, VL70-000095

Dil_.l,::lsio:as" Full-Scale Model Scale

: Aroa - it z ._.__1{)(,..38 , 0. ",i0638 :

:" 5ua:_ (cciui,.'al,ut) - in. 201.0 Z. 010

i,lbd c,,_uk _lie'.t chord - in. 91. 585 0. 91585

Outbd cqtuvalcnt chord- in° 50. 833 0. 50833

Rr._..;o :_.ovabl_ -urfacc t:i,ord/
total :;urfact. cbur_

At i _ ' _'" chord 0.400 0 400 :•_.)(. f'¢._'., *

A_ outbd t ,duiv chord O.400 O. 400 -

Sweepback anglc._ " dcg

,eading edge 34.83 34.83 ",

Trail_g od,._,.e 2(_.25 26.25

: Hinge line 34.83 34.83 _

Area moment (nornaal to hinge line)~ft 3 526.13 0.00053

38 :
|

?

t
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TABLE IIl. _ Continued.

Model Component: Rudder (Rs)

General Description: Rudder for vertical stabilizer V 7

Model rcale = 0.015

- Drawing Nu.nlber: VL70-000095

Dimensions : Full-Scale Model Scale

Area - ft 2 106.38 0.024

Span (equivalent) - in. 201.0 3. 015

Inbd equivalent chord- in. 91. 585 I. 374

Outbd equivalent cho_'d - in. 50.833 0, 762

l_tio movable surface c_ord/
total sur£ace chord

At inbd equiv chord 0. _00 0. 400"

At outbd equiv chord 0.400 0. 400

Sweepback angles - deg "

O Leading edge 34.83 34.83

Trailing edge 26.25 26.25

I_inge line 34.83 34.83

Area moment (normal to hinge line)~£t 3 526. 125 0. 0018
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q_L5 III.- Continued.

z

"'"' 931 • i.l-'[_C,;'-.V,._j....t.COX; X: V_.. "

n,_,'_:_,,I DLSCt," " " T
1

,. n...... h m.n]: oz'hc,,,,z_'_,"oz_meved.

).'.._2, <- ; _: ..; 1 ,-, __- _ 0|0
• _ - _, _

r)nm, ,- ,_It-:m,._,-.__-,---t_L'L_[.P,: vJ.7_,-o'>_=._.39

DIMENSIOXS: FULL-SCALE ._D['Eh SCAt"._ -7-

TOTAL DATA

Area (Theo) Ft2 42_.92 o.o42_9
P'Ianform

Span ('fheo) In %)':.'.:2 3. ,s__
AspectRatio :.,:'.'5 .,..__
Rate of "Iap_.r (,,','.i O."'.:7
Tape.-!:at_.o b-.;_',z: .::,_

, SweepBack Angles ,. de_rees
: I.eadir,g E,ice AS,C'.-._ l,.'>.:.C'_,O
" TraiIingEdge --z- ;.; •" 9, 20. :;&9 .

0,25 E1(,meritl.ino hl.._";., "7['__'._.,.",.:'._---- ',,
Chords: ---

Rcot(Theo)WP P62.','_ .-z._5o
Tip (Th_o)WP IC':'.L', _l-_ed_ .
MAC 11o(,,'" 1.998|
Fus Sta of ,Z5VAC _i C-"--• • ...... ,4._._ _
W. P. of .25 MAC 6".5....:,"..___- &.jsszZ
B, L, of ,25 MAC (;.(,._ _,.c,q

Airfoil Secti on
Lcad'Tn_WedgeAngle DP.(.! ]o.r,-: ],.).,..:..)
Trai':- .',;,_ "- "
Leadlno EGo:.=.P,r.d_v.; __,__/_,,.____ o.oZO...._

Void An::a- Yt:: _.j_':_:._. _o._s___&_
• Blanketed Area __..i!,(;L_. .__!___
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• TABLE llI. - Continued.

_ Model Component: Vertical tail(V7)--Ixghtwe]ghtorbiter ,,onflgura_'__,n
V

- < General Description: Basic conf;,quration3A ccnterline vertical tail,

double-wedge airfoilw_th rounded !oading edge

Model scale --0.015

VL70-000139, VL_0-000095Drawing Number: . .

Dimensions: Full-Scale Model Scale

Total Data

: Planform area (theo) - ft 2 425. 92 0. 09583

Span (Lheo) ~ in. 315.72 4.73ff_O"

" -. Aspect ratio I.675 I.675

! Rate o£ taper 0. 507 0. 507
Taper ratio 0,404 0. 404

• _ _weepback angles ~ deg

" ! Leading edgc 45, 000 45.0N0
Trailing edge 26. 249 26.2:,','
0.25 element Ene 41. 130 41. 130

Chords - in.

Koo_. (theo) WP Z68.50 4, 02750

Tip (theo) WP 108.47 1, 62705

.aD_ ..............
, MAC 199.81 2.99715

_ Fus sta of 0, 25 IVLAC 1463.50 ?.,I,._2°525
WP of O.25 MAC .__6_35___._22_ .__,_537_.__3__.

;, BL of 0, 25 MAC 0.0 0.00
Airfoil section

_ LeadLug wedge angle - deg ]0.000 I0.000
Trailing wedge anglc ~ deg 14, 920 14,920 --

i. Leadiug ,.'dge radius - hi, 2, 00 0.0300
Void area - it2 13.17 0.00290

: Blanketcd area - ft2

I

1974027162-045



':',_LE II:. - C_nLin: :. [

IV_DELCO,v?O_NT: V;ING-W_r,_
_: n __ m Ln U I i

GENERAL DESCRIPTIO._: .....,.'_'"'_........,,,.,ion ] _er _:_"_wellL£,,,_:_VI,70-C_,J._9:_ _.

.OT:-.Same as hqO'_ c_.ce_*,cuff,airi'oiland incldenzegn_le.

Hc_i.-'$ct!e = ,010
n, , i roll -_ , ,, i __ •

TEST NO. DWG. NO.VL?O-O001_-_,_ ,

DIMENSIO,_S• FULL-SCALE Y,ODEL ,SCALE :

TOT_. DATA
"'A-_a_eo, ) Ft2

P1anform 2&90. O0 9'z69o
Span (Theo In. _ 9. _./._
Aspect Ratio 2.265 . 2.265 ,
Rate of Taper _ i,_77
Taper Ratio _ O.._._.
Dihedral/_le, degrees (_ TE o£ Elevon) _ 3.500
Incidence/_ngle,degrees _ , o._c_

: Aerodynamic Twist, degrees _ +I.o9o
Sweep Back Angles, degrees

Leading Edge __ /,5.0(X) /,5.09q
Trai11ng Edge T_rgt2h. -_
O,Z5 Element Line _. _}'_._9

Chords:
_t (Theo) B.P,O.O, _ 6,89zI. ,
Ttp, (Theo) B.P, _ 1.3_Bs
MAC _ .4._481 "_
Fus, Sta. of .25 MAC _ ,i. z,dl_t9 ,
W.Po of .25 MAC _ _.79_
B.L, of ,25 MAC , _ I.sa,J

EXPOSED DATA

-- Are-a_(Th-eo) Ftz 1752.29 o. #?SZ.t
Span, (Theo) In, BP108 -_0.68 7.z_68 "
Aspect Ratio _ 2.058
Taper R_tlo _, _ 0.P_51
Chords --

.RootBPI08 56_._0 _.(,z4o
Tip 1.00 b _

'Z
MAC 393.03 _ ;
Fus, Sta. of .2S MAC 11t_5.31 _,._

W.P. of .25 MAC _ _oozoB.L. of .25 MAC ,_.,_ "-_,¢_?& "i

Airfoil Sec¢ion (R_ck_e11Mod NASA)
XXXX-64

P_o¢ b • 0.10 0.10
._ m ii m i m

b • 0.12 0.12
TIp T .....

Data for (1) of (2) Sides
LeadingEdge Cuff _ , .
Planform Area Ft_ _]._Lu.:t_I3 _0_'}_) -
Leading Edge In_rsects Fus M, L. I Sta SO0 s.o6
Leading Edge Int_rse_s WtnE @S_a _ i JOe_l_Z_ .

, , u_ _ 387-6_. z_.B/a/T)|
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TABLE II!. - Concluded.

_ Madel Component: Wing (W I|I)--now lightweightorbiter

" " Gent,ral D.'scriptio,,: Basic configuration 3A wing

Note: Same as Wl03 except cuff, airfoil, and angle of incidence. ,%:odclscale = 0.015

Test No. Drawing No. VL70-000139B

Dimensions : _ Full-Scal e Model Sea !e

Total Data

Planform area (theo) - ft2 269G. 0 0.60525

Span (theo) - in. 936.68 14.05020

• Aspect ratio 2.265 2. 265
Rate o: taper I. 177 I.177

Taper ratio 0. 200 0.200

Dihedral angle, - deg 3.500 3.500

Incidencc a_,.glc,- deg 0. 500 0.500

Aerod)mdmic twist, - dcg +3. 000 +3. O00

Sweepback angles, - deg

Leading edge 45. 000 45. 000

Traili,,gcdge -10. 24 -10. Z-i
0.25 clc,ncnt iine 35. ?.09 35.209 ,

Chords -.in.

Roo_ (theo) at BP 0.0 689, 24 10.33860
.,4, 2.0(,775Tip (tbeo) at Ill-"46_. _ ' 137.El5

['' MAC 47.1.81 7.12215
", Fus sta of 0.25 MAC 1136.89 17.bb335

" WP of 0.25 I_LA= ._.__$. 70 4.4-3_
BL of 0.25 MAC 182. 13 2.7,'l,)5

Exposcd Data
Area (thcoJ - ft2 1752. Z° 0.3%;7(,

Spat: (thco) - in. (BP '08, 0 t:,468.341) 720.6_ I0.81020

Aspect ratio 2,058 2.058

Tapt, r ratio --_0-,295L O. 245_],__,
Cho,'ds - ia.

Root at BP 108.0 56?..I0 8.4360

Tip at 1.00 b 137.85 2.06775
2 . -_

M._c 393.o3 __S.__8..92_f, .
F_., _t_ of 0.2s 74_c: ._.J!8._._3.___. ] 7. tv..%____
wp or o. z5 MAC _.g21.6:r_O.... __4.,_.Ls,
BL of 0.25 MAC 7.51.76 3.7764

Airfoil s,.c_iou _!to_1:v.,cll moil NASA

XXXX -6,-I)

b 0.10 O. 10 '-
Percent thickncs:: at _-

Pt.rccnt Odcknc.ss at 1.0 b 0. ]2 0.12 :

Data for I of 2 :,ides !

Leading ,,,I,:,, cuff
Planform ar.:a - ft 2 118, 3._3 O. 02662 ¢
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